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PEGASUS THERMAL DESIGN 

by 

Tommy C. Bannis ter  

George C. Marshal l  Space Flight Center  

Huntsville, Alabama 

ABSTRACT 

Many of the components of the Pegasus  spacecraf t  will function 

proper ly  only so  long a s  the i r  t empera tures  a r e  maintained within c e r -  

ta in  tolerances.  The the rma l  requirements ,  t he rma l  design, and orb i t -  

al t empera tu re  r e su l t s  a r e  presented in this  repor t .  

When the t empera tu re  specifications w e r e  received,  two a r e a s  

w e r e  recognized to be cr i t ical :  ( 1 )  the micrometeoro id  detector  panels  

and ( 2 )  the electronics .  This report  deals p r imar i ly  with these  a r e a s .  

Quick-look resu l t s  of the flight data from Pegasus  A and B in-  

dicate that the the rma l  design was ve ry  successfu l .  

ponent t empera tu res  has  extended beyond the design ranges.  

c r i t i ca l  ba t te r ies  have been 

design range (27OoK to 322'K), for over  150 orb i t s  on Pegasus  A. 

None of the com-  

The 

300°K k 6 "  K , which is w e l l  within the i r  
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TECHNICAL MEMORANDUM X- 5 3300 

PEGASUS THERMAL DESIGN 

SUMMARY 

Many of the components of the Pegasus spacecraft wil l  function 

properly only so long as their temperatures a r e  maintained within ce r -  

tain tolerances. 

al temperature results a r e  presented in this report. 

The thermal requirements, thermal design, and orbit- 

When the temperature specifications were received, two areas  

were recognized to be critical: (1) the micrometeoroid detector panels 

and (2) the electronics. This report deals primarily with these areas. 

Quick-look results of the flight data f rom Pegasus A and B in- 

dicate that the thermal design was very successful. 

ponent temperatures has extended beyond the design ranges. 

critical batteries have been 300% f 6" K , which is well within their 

design range (27OoK to 322 "K), for over 150 orbits on Pegasus A. 

None of the com- 

The 

c 



I. INTRODUCTION 

The Pegasus  satel l i te  (F igu re  l ) ,  fo rmer ly  called the Micro-  

meteoroid Measurement  Capsule,  was developed by the Fairchi ld-Hil ler  

Corporationt under the supervision of the Marsha l l  Space Flight Center, 

Huntsville, Alabama. 

1965 by SA-9; Pegasus  B w a s  orbited May 25, 1965 by SA-8; Pegasus  C 

wi l l  be orbited l a t e r  by SA-10. 

c r a f t  i s  the micrometeoroid measurement  experiment designed to obtain 

s ta t i s t ica l  data on micrometeoro ids .  The satel l i te  i s  requi red  to have a 

l a rge  micrometeoroid detection a r e a ,  a long lifetim-e (about 18 Iiloriths) , 

and a slowly changing random orientation in space.  The planned orbi ta l  

cha rac t e r i s t i c s  were  a per igee of 486.9 km, an  apogee of 747. 7 km, and 

a period of 97. 14 minutes.  

k m  perigee,  743. 5-km apogee, and a 97. 10-minute per iod.  Initially, Pega- 

sus-A was spinning about i t s  longitudinal axis  (X-axis) .  Since the X-axis 

i s  not the principle moment of iner t ia ,  the satel l i te  began to p r e c e s s ,  with 

the angle of precess ion  gradually increasing until the only mode of spin 

became the mode about the pr inciple  moment of i ne r t i a  ( the  y-axis ,  which 

i s  normal  to the detector sur face) .  This t rans i t ion  was  completed within 

approximately eight days a f t e r  launch on Pegasus  A. 

Pegasus-A was injected into orbi t  on Februa ry  16, 

The p r i m a r y  miss ion  of these space-  

The actual  e lements  of Pegasus-A were  496. 4 

The initial t ask  in  the the rma l  design was to obtain the the rma l  

specifications of the var ious components of the spacecraf t ,  and to become 

fami l ia r  with the miss ion  and hardware  the rma l  requi rements  so that the 

Former1  y Fairchi ld-Stratos  Corporat ion 
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FIGURE 1 THE PEGASUS SATELLITE 
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t h e r m a l  design concepts and c r i t e r i a  could be formulated which would 

not in te r fe re  unnecessar i ly  with the other  design a r e a s .  

8 

The micrometeoroid detector panels and the electronics  were  

the c r i t i ca l  a r e a s  for  t he rma l  design. 

the detector panels was the possibil i ty of s e v e r e  the rma l  var ia t ions 

which could conceivably cause  panel delamination. 

this  problem revealed that the only readi ly  controllable p a r a m e t e r s  

were  the optical p roper t ies  of the panel ex ter ior  sur faces .  

t empera tures  were  defined for a l l  se t s  of possible  optical  propert ies .  

A s e a r c h  was made to find the coating with suitable optical  p roper t ies ;  

the chemical conversion cbating, Alodine, was finally selected.  This  

coating was subjected to  ultraviolet  radiation (F igu re  2 )  i n  the labora-  

t o ry  to verify the space stabil i ty of i t s  p roper t ies .  

panel was studied in  a thermal -space  chamber  at  ha rd  vacuum. 

The problem assoc ia ted  with 

A detailed study of 

The orb i ta l  

Also, a detector  

The the rma l  problem associated with the e lec t ronics  i s  ensuring 

that they do not go beyond the p re sc r ibed  Itupper" and " lower"  l imi t s .  

The tempera tures  of mos t  e lectronic  components is a s t rong function of 

in te rna l  heating r a t e s ,  t he rma l  linkage to the supporting s t ruc tu res ,  

s t ruc tu re  tempera ture ,  and radiation heat  t r a n s f e r  to other  p a r t s  of the 

spacecraf t  and to space.  Usually, s eve ra l  of these  can  be controlled to 

a degree  by design. Where possible,  the electronic  components were  

placed i n  a thermal ly  insulated canis te r  (F igu re  3 )  with a "s ized  window" 

to  rad ia te  the internally generated heat to  a cold sink. 

faced toward the vehicle to eliminate d i r ec t  so l a r  radiat ion f rom entering 

the canis ter .  

so la r  radiation would grea t ly  inc rease  the design requi rements .  

This  window was 

With random orientation, such a var iab le  input a s  the d i r ec t  

Throughout th i s  r e p o r t  the t e r m s  IISMA" and "s ink" a r e  used 

4 
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interchangeably when speaking of the canis te r  radiation heat sink. This  

SMA is an adaptor to the Serv ice  Module. The  window s e e s  the in te rna l  

a r e a s  of the SMA, IU (Instrument  Uni t ) ,  and S-IV stage bulkhead(Figure 

4). 

Since m o s t  of the fac tors  affecting the can i s t e r  t he rma l  design 

a re  var iable ,  i t  i s  useful to consider a thermodynamic "hot" and a t h e r m -  

odynamic "cold" case .  If the varying fac tors  a r e  not too seve re ,  the 

window could be s ized to  keep both the hot and cold c a s e s  within specified 

l imi t s  . 
With modera te  p a r a m e t e r  var ia t ions,  the s teady-state  Ilhottl and 

"cold" ex t reme t empera tu res  can  each be kept within the design range.  

In the c a s e  of Pegasus ,  it became apparent that  this  was an  inadequate 

method of control.  After s eve ra l  a l ternat ives  were  evaluated, an act ive 

louver  sys tem (F igure  5) w a s  employed which prohibits radiant heat  flow 

through the window in  the cold case  without much hindrance to the heat  

flow in  the hot case .  

11. THERMAL REQUIREMENTS OF PEGASUS IN ORBIT 

A l i s t  of t he rma l  specifications for  the components of Pegasus  

was  p repa red  by the contractor .  

qu i rements  is as  follows: 

A s u m m a r y  outline of the the rma l  r e -  

A.  ELECTRICAL COMPONENTS 

1. Inside the Canister 

a. Bat te r ies  

b. Others  

2. Outside the Canister 

272OK to 322'K 

262'K to 332'K 

7 
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a. Zener  diodes 218OK to 358'K 

b. Solar ce l l s  222OK to 388OK 

B. OTHER COMPONENTS 

1 .  Micrometeoroid detector 167 K to 394 K and 
panels l e s s  than 100 K/min.  

2. Infrared senso r s  218 K to 358 K 

3. Radiation detector  222  K to 388 K 

111. THERMAL DESIGN 

A. ANALYSIS 

1. The rma l  Desipn of the Electronic  Canis ter .  The analysis  

of the electronic canis te r  consisted of two pa r t s :  

of representat ive average heat balance equat iom,  arid ( 2 )  detailed s tudies  

per formed utilizing a complex computer  program.  

were  used to validate the desk calculations.  

(1)  desk calculations 

The computer  studies 

The canis te r  (F igu re  3) was designed to be thermally isolated for 

the following reasons:  

linked to heat sources  of difficult-to-determine t empera tu res ,  such as the 

Pegasus  center s t ruc ture ;  ( 2 )  to insure  that the components wi l l  not be 

affected by varying radiant sou rces  of heat ,  such a s  d i r ec t  so la r  radiation; 

and ( 3 )  by minimizing extraneous heat t r a n s f e r ,  the "control lable"  heat 

t r ans fe r  i s  maximized. Therefore ,  the difference in  "controllable" heat 

t r a n s f e r  between the llhot'l and "cold" c a s e s  is  minimized. This i s  mos t  

important  because i t  i s  basical ly  this  difference that de te rmines  the a- 

mount of active the rma l  control  required.  

of the open face could be simply "s izedt t  to give the p rope r  tempera ture ,  

o r  with a very la rge  d i f fe rence ,  louvers  would not accomplish the rma l  

(1) to prevent  the components f rom being thermally 

(With z e r o  difference,  the a r e a  

L 

I 10 



control.  ) 

P r i m a r i l y  th ree  techniques were employed to obtain this  t he rma l  

isolation: 

super-insulationYt consisting of highly reflective shee ts  of aluminized 

Mylar which grea t ly  r e s t r i c t  radiant heat t r ans fe r  through the side wal ls ;  

( 2 )  

a double Ily" and attached to the supporting s t ruc tu re  with special  f i be r -  

g l a s s  chips to r e s t r i c t  heat  conduction to the cen te r - s t ruc tu re ;  ( 3 )  The 

connecting cables  and possible radiant heat leakage a r e a s  were  covered  

with a low-emittance aluminized Mylar tape,  which minimized the r ad i -  

ant linkage between the canis te r  components and ce r t a in  cold s t ruc tu res .  

(1)  The canis te r  side walls were  equipped with ten l a y e r s  of 

The internal  mounting bracket  f o r  the components was fashioned a s  

2. The Average Heat Balance Analysis.  In sys t ems  with 

l a rge  the rma l  t ime constants,  the average heat  balance analysis can 

usually be used without difficulty. 

e r roneous  resu l t s  a r e  not obtained in an  oversimplified model. 

analysis  employed in the the rma l  design of the Pegasus  electronics  

can i s t e r  was careful ly  worked out, and l a t e r  ver i f ied by m o r e  detailed 

computer  studies and the rma l  vacuum te s t s .  

Ca re  must  be given to ensure  that 

The 

Two of the dominant heat inputs v a r y  p r imar i ly  because of 

ecl ipse of the sun by the earth.  

as the percentage of time-in-sunlight p e r  orbit .  

the range of T The in te rna l  heat  generation of the 

electronics  depends upon Tx pr imar i ly  because the so la r  ce l l  output 

It is useful, therefore ,  to define Tx 
F o r  the Pegasus  orbi t ,  

is 6370 to 787o.f 
X 

t M r .  Jack  Light a t  National Research Corporation was employed a s  
advisor  in the use  of superinsulation. 

f "Calculations Concerning the Passage  of a Satell i te Through the E a r t h ' s  
Shadow" Marsha l l  Space Flight Center Report ,  MTP-RP-61-1 ,  Feb.  1961, 
by William C. Snoddy. 
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depends on the amount of incident sunlight. 

absorbed  by the external  satel l i te  su r f aces  depend strongly on 

Also,  the so l a r  radiation 

Tx . 
The prelaunch in te rna l  heat  generation was de te rmined  by Mr .  

Mott of Fairchi ld-Hil ler  Corporat ion to be 4 5 W  to 6 3 W ,  when averaged 

over  one orbi ta l  period. 

The Tx 
s iderat ions,  to determine the sink t empera tu re  as a function of the rad i -  

ome t r i c ,  o r  optical p rope r t i e s  of the SMA, IU, and S-IV external  surfaces. 

is  a l so  used, together with the following att i tude con- 

Perhaps  the m o s t  important  considerat ion i n  the t h e r m a l  design 

of Pegasus can i s t e r  is  so l a r  attitude. Obviously, i f  the long cyl indrical  

SMA, IU,  and S-IV become oriented with the r e a r  of the S-IV toward the 

sun, the sink t empera tu res  (T,)  w i l l  become ve ry  cold. 

o c c u r s  for any appreciable  length of t ime ,  then the range of 

stantially reduced. 

Robert  Holland of MSFC, who per formed the prelaunch att i tude analysis  

of the Pegasus.  

the  sink over var ious t ime  per iods.  

many possible orbi ta l  si tuations.  Therefore ,  

If this  never  

Ts  i s  sub- 

A special  " the rma l  factor"  was calculated by Mr .  

This factor  r ep resen t s  the average  projected a r e a  of 

This  factor  was  calculated for the 

where  

8 

t = t ime 

T = t he rma l  factor  

= sun angle of the longitudinal axis of the S-IV 

In all attitude c a s e s  considered,  T was  never  less  than 0. 6 

f o r  

w a s  always l e s s  than the the rma l  t ime  constant  (15  hours ) .  

t within the the rma l  t ime constant indicating that the tumble per iod 

F o r  Pegasus ,  

12 



I .  

this  i s  of t remendous consequence, because the range of 

otherwise be about th ree  t imes  the present  value,  and the present  

t he rma l  design would be inadequate. Analytically, this w i l l  m e a n  that 

the ave rage  projected a r e a  to  the sun (needed in  evaluating the Ts) can  

be  used  for  a rapidly tumbling cylinder. 

Ts  would 

Now to evaluate the tempera tures  analytically,  the heat-balance 

equation for  the sink is  given: 
T N  

where  Q i  = heat flow rates into the sink 

dt = differential  t ime  

T = orbi ta l  per iod 

Expanding and separating, the following f o r m  can  be obtained for  

Ts: 

. s f h  4 

= ('"T [COS (MAS) Tx + Fyr COS(RAS) 1 1 100 
2 

where  Qo = flux through the top of the  SMA 

AT = externa l  a r e a  of the SMA, IU,  and S - I V  

Other  p a r a m e t e r s  a r e  defined in Table I. 

Table I1 lists the var ious  combinations of values which w e r e  

evaluated and used  to generate  Ts  (F igu re  6 ) .  

The can i s t e r  t empera tu re  ( T  ) i s  now expressed  in  t e r m s  of Ts  
C 

with its heat-balance relation: 

1 3  



TABLE I 

Symbol 

CY 
S 

IR 

MAS 

E 

RAS 

RAM 

S 

B 

E 

Tx 

Ti 

Ti 

Qi 

F 

i 

Ri j  

i j  

H 

C 

14 

P a r a m e t e r  Units 

Stefan- Boltzmann constant wat t s /m2 OK4 

Solar  absorptance - -  

Infrared Emittance - -  

Solar  - satell i te angle - -  

Solar -  satell i te radius  angle 

Satell i te-  satel l i te  radius  angle 

Solar constant 

Albedo constant 

E a r t h ' s  IR constant 

Ea r th  Radiation Geometry Fac tor  

Orbit  period 

70 t ime i n  sunlight 

Tempera ture  of node i 

T ime  ra t e  of change of Ti  

A heat flux 

Emissivi ty  fac tor  

Heat c apac i t  y 

Radiance 

Conductance 

2 
watts /m 

I1 

I t  

s ec 

- -  

OK 

OK/sec 

watts 

- -  

Joules/"K 

watts l0K4 

watts  /OK 

f 



TABLE I1 

Case  I (Broads ide  tumble) 

(1) Tx,= . 78 

( 2 )  Frr = . 5  

Case  I1 (Broadside tumble) 

(1)  Tx = . 78 

( 2 )  Frr = . 5 

Case  I11 (In plane tumble) 

(1) Tx = . 78  

( 2 )  Frr- . 5 

Case  IV (In Dlane tumble) 

(3)  c o s  (MAS) = 1 

(4) no flux thru  open end 
1 

(3)  c o s  (MAS) = 1 

(4) open end has  as = EIR = . 9  
1 

(3 )  c o s  (MAS)l = ,637  

(4)  open end has  as = EIR = . 9  

(1) Tx  = . 7 8  

( 2 )  Frr = . 5  

Case  V (Broads ide  tumble) 

( 3 )  c o s  j?"fAS) = . 5 3 7  
1 

(4)  no flux thru  open end 

(1)  Tx  = . 6 3  

( 2 )  Frr = . 2 5  

Case  VI (Broads ide  tumble) 

(3)  cos  (MAS) = 1 
1 

(4) open end has  as = E  IR = e 9  

(1) T x =  . 6 3  

( 2 )  Frr = . 25 

Case  VI1 (In Dlane tumble) 

(3) c o s  (MAS)l = 1 

(4)  no flux thru open end 

(1)  T x =  . 6 3  

(2)  Frr = . 2 5  

Case  VI11 (In plane tumble) 

(1)  T x =  . 6 3  

(2) Frr = - 2 5  

(3) C O S  (MAS)l = . 637  

(4) open end has as = EIR = . 9  

(3)  cos  (MAS)I = , 637 

(4)  no flux thru  open end 

15 
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where  Q = average  orbi ta l  internal heat  generation of the canis te r  
* g  
Q = extraneous heat l o s s  through insulation, etc. 

A 

F = radiation factor 

1 
= a r e a  of radiating window 

As expected, pa rame t r i c  studies revealed that the mean value of 

Ts  , range of Ts,  and value of Q 8, h a s  

to  be minimized; the range of T s  must  be minimized; and Ts  must  be 

cold in  o r d e r  to obtain the grea tes t  effect of the window for  control.  Thus, 

a low space stable coating was des i red .  After an exhaustive 

w e r e  of p r i m e  importance.  
1 

sea rch ,  S-13 t (ZnO in Methyl Silicone) was recommended by Mr .  Edgar  

R .  Mil ler  of MSFC. 

vailable,  a range of 0 .  2 to 0 .  3 of Q s / E T  w a s  established to be used i n  

the the rma l  design calculations of Ts  . The Q, range was calculated 

to  be approximately 1OW to 40W.  

would maintain T within i t s  l imits .  This means  that the compensation 

obtained by ( T 4  - T: ) was not sufficient between the hot and cold case .  

After  a comprehensive study, thermal  control  louvers  s imi l a r  to those 

used on Mar ine r  I1 were  added to  the canis te r  window in o r d e r  to make 

F controllable (. 15< F <  . 6 0 ) . 1  

m u s t  replace ( T 4  - T,' ) with (T," - T: ) where T: = T s  + Tc when the  

louvers  a r e  closed. ) 

275'K to 305OK. 

After due consideration of the laboratory data a -  

An "A"  could not be selected which 

C 

S 

(It i s  noted that with louvers ,  one 
4 4 

2 S 

The range of the canis te r  tempera ture  is then 

The S-13 i s  a highly reflective white paint developed a t  the Illinois 

0 .  04)  a f te r  200 hours  of 10 sun- 
Institute of Technology (IIT) under sponsorship of MSFC. 
w a s  shown to be space stable 
intensity ultraviolet  i r radiat ion at IIT. 
1 Plamondon, Joseph A . ,  Analysis of Movable Louvers  for  Tempera ture  
Control,  J e t  Propuls ion Lab. , Rpt. TR 32-555, Pasadena,  California,  
J anua ry  1964. 

This  coating 
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3. Computer Analysis of the Electronics  Canis ter .  This 

analysis  evaluated the ca lo r ime t r i c  heat-balance equations without r e -  

sorting to the u s e  of averaging, etc.  ; the thermodynamic model broken 

down into 45 nodes with 45 simultaneous f i r s t -o rde r  differential  equa- 

t ions.  These equations a re  solved on the IBM 7090 Mod. 11, utilizing 

the "General Space The rma l  P r o g r a m "  developed a t  Marsha l l  by W .  C. 

Snoddy and T .  C. Bannis ter ,  Appendix I, Art ic le  I and 111. The sink 

tempera ture  range obtained was 2 0 q K  to 240'K. 

made  using var ious  values of the p a r a m e t e r s  direct ly  affecting the 

can i s t e r  tempera tures .  

by the average heat-balance calculations.  

Several  runs  were  

The resu l t s  were v e r y  similar to those obtained 

4. The Therma l  Analysis of the Micrometeoroid Detector 

Panels .  Unlike the electronics  can i s t e r ,  the detector  panels (F igu re  7 )  

posses sed  a v e r y  small t ime constant (on the o r d e r  of ten  minutes ) .  This 

caused  rapid the rma l  fluctuations of the panel t empera tu res  a s  the sa te l -  

l i t e  t ravel led in  and out of the e a r t h ' s  shadow a t  var ious so l a r  angles .  

Hand calculations a re  imprac t ica l  i n  a n  ana lys i s  where high r a t e s  of 

change a r e  to be considered,  so the computer  was used exclusively f o r  

defining the t empera tu re  excursions in  orb i t  fo r  the detector  panels.  

The computer analysis  is based on a 4-node t h e r m a l  model having the 

following charac te r i s t ic  s: 

(1)  The panel is an  infinite s l ab  of foam 2. 54 c m  thick (one- 

dimensional heat  flow analysis)  

( 2 )  

(3) 

(4) 

Foam density - 480 Kg/m2 

The specific heat - 1350. 0 Joules/Kg°K 

The foam the rma l  conductivity - 0.  015 watts/rn°K a t  20OoK 

0.  041 watts/m'K a t  300°K 

0 .  137 wat ts /m°K a t  400'K 

18 



FIGURE 7 THE MICROMETEOROID DETECTOR P A N E L S  I 
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(5) The s lab is  considered to have four equal l a y e r s  of 

(The  heat  capacity of the aluminum targe t  shee ts  is  included ma te r i a l .  

in  the outside l aye r s .  ) 

(6 )  Qs and ET a r e  floating p a r a m e t e r s  

This model i s  adapted to the "General  Space The rma l  P r o g r a m "  

(Ar t ic le  1 and 11, Appendix I) f rom which typical cu rves  a s  shown in  

F igu res  8 th ru  11 were  obtained. 

broadside and so lar  null c a s e s  which a r e  ex t reme c a s e s .  

F igu res  8 and 11 r ep resen t  the so l a r  

Examination of the r e su l t s  showed that a low as/  E T  minimizes  

the maximum tempera ture  and a low ET maximizes  the minimum t e m -  

pera ture .  The limiting values required to keep the t empera tu res  within 

the design l imi t s  were  Q s / E ~  5 1  and ET 4.  6. A space-s tab le  chem-  

ical  conversion coating, Alodine, was foucd which exhibited proper t ies  

consistent with these specifications,  and which was relatively inexpen- 

sive (compared to vacuum deposition of S i 0  on approximately 2 0 0 M  

of detector sur face) .  Nominal values of ", /ET were  . 51. 6.  A few 

panels had 

2 

Q s / E T  f r o m  . 4 / .  6 to . 5 / .  5. 

5.  Other The rma l  Analysis.  The IR s e n s o r s ,  zener  diodes 

outside the electronic canis te r  radiation detector ,  and so la r  ce l l s  were  

not analyzed in  g rea t  detail .  The analysis  of Fairchi ld-Hil ler  Corpora -  

tion was carefully evaluated and accepted. 

B. LABORATORY STUDIES AND TEST 

1. Detector Panel  Labora tory  Studies. Computer calcula-  

t ions have shown the detector panel orb i ta l  t empera tu res  to be c r i t i ca l  

with respect  to specifications for the c a s e  in which the panel i s  oriented 

broadside to the sun. 

tion a s  near ly  a s  possible with the p re sen t  labora tory  techniques.  

This study was designed to s imulate  this condi- 

20 
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2 
A 1-ft detector  panel was specially fabr icated for  this study by 

Eight thermocouples were embedded inside the panel during Schjeldahl. 

fabrication in  two s tacks of four each. 

t he rma l  space chamber  (F igu re  12) Space Thermodynamics Branch 

(R-RP-T)  of Research  P ro jec t s  Laboratory.  

window through which i t  was illuminated with a carbon a r c  lamp.  ) 

l amp was switched on and off to simulate the  shadow-sun condition of 

space.  

Epply thermopile mounted on a rotary feedthrough. 

was maintained a t  77OK with LNZ , and the p r e s s u r e  fluctuated in  the 

The panel was si tuated in the 

(The panel faced a quar tz  

The 

The intensity of the lamp was measu red  periodically with an  

The chamber  shroud 

to t o r r  range. Radiometric measurements  were  made  on the 

Alodine sur face  a t  the thermocouple s tacks p r i o r  to vacuum. 

F igure  13 shows the measured  t empera tu res  for  s eve ra l  runs.  

The maximum design l imit  of 398'K (250OF) was exceeded because the 

lamp intensity was g rea t e r  than one sun. 

agreement  with theoret ical  resul ts .  

for  a detailed study and Fig.  14 shows the calculated t empera tu re  supe r -  

imposed on the measu red  values.  This  study ver i f ied the thermodynamic 

model  and the var ious thermophysical p roper t ies  used in  the the rma l  

analysis  of the detector  panels.  

Calculations show remarkable  

A computer p rogram was wri t ten 

2 .  Electronic  Canister Thermal  Vacuum Studies a t  F a i r -  

child-Hiller Corp. 

child-Hiller Corporation (FHC) ,  Bladensburg, Md., were  closely moni- 

'rored by the Space The rma l  Branchof Research  P ro jec t s  Laboratory where 

the the rma l  design was ver i f ied and developed. The t e s t s  were  designed 

to thermal ly  s imulate  the SMA, S-IV, and Pegasus  center  s t ruc tu re  

t empera tu res ,  and to evaluate the resul tant  can is te r  t empera tu res  for 

both the "hot" and "cold" situations. 

A s e r i e s  of thermal  vacuum studies made  a t  F a i r -  

25 
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c 

Approximately 200 thermocouples were  utilized in monitoring 

the can i s t e r ,  sink, and s t ruc ture  tempera tures .  They were  placed on 

each e lec t r ica l  component, a c r o s s  var ious heat paths ,  etc. The sink 

and ex te r io r  s t ruc tu re  tempera tures ,  p rogrammed a t  o rb i ta l  ex t r emes ,  

were  obtained by the use  of hea te r  blankets with an  adjustable heating 

cu r  rent  sys tem.  

In the f i r s t  s e r i e s  of runs ,  the bat tery t empera tu res  were  run-  

ning a t  266'K. 

excessive extraneous heat leaks.  Severa l  methods were  employed to 

eliminate excessive heat leakage, one of which was wrapping the elec-  

t ronic  h a r n e s s  with aluminized Mylar.  

t e r y  tempera ture  of 281°K was obtained in the cold case .  

constant was ver i f ied a t  15 hours .  

These cold tempera tures  were  found to resu l t  f rom 

In a l a t e r  run, a minimum bat- 

The t ime 

, 

All other  specifications were m e t  during these t e s t s .  A sum-  

m a r y  of the Pegasus-A the rma l  vacuum data follows. 

CANISTER PROTOTYPE THERMAL VACUUM TEST 

T e s t  #1 Heat Dissipation Ave. Internal Temp.  Bat tery Temp. 

Hot Case  74 294'K 296'K 

Cold Case  44 264 266 

T e s t  #2 

Hot Case  

Cold Case  

64. 1 

44 .9  

300 

279 

300 

28 1 



3 .  Laboratory Studies on Pegasus  The rma l  Control Coat- 

ings. 

space stability and optical p roper t ies  of the Pegasus  thermal  control 

coatings. 

(both R P L  and P & V E ) ,  Fairchi ld-Hil ler  Corporation, Schjeldahl, and 

Lockheed. 

cause  of their ex t reme importance to the success  of the thermal  design. 

Each w a s  tested systematically to re la te  space degradation, manner  of 

application, and prelaunch environmental  effects (Table  111). 

Much effort  w a s  exer ted in the evaluation in the laboratory of the 

Studies were  per formed a t  Marsha l l  Space Flight Center 

Emphasis  was placed on the Alodine and S-13 coatings be- 

The coatings were  found to be extremely stable except that the 

S-13 did degradate af ter  contamination. F o r  this reason,  the vehicle 

was washed just  p r io r  to countdown. 

performed on the pad (Table IV). 

Radiometric measu remen t s  were  

, 

C.  QUICK-LOOK ORBITAL DATA FROM PEGASUS-A 

Initially, the the rma l  behavior of the meteoroid detector  

panels was mild because of the rapid spin about the x-axis  (F igu re  15).  

A s  the spin gradually shifted to the y-axis ,  m o r e  extensive t empera tu re  

var ia t ions occurred as the satell i te passed  in and out of the e a r t h ' s  

shadow (Figure  16) .  

The SMA tempera tures  a r e  approximately 40'K above predicted 

Evaluation of these data is  being per formed to ex- levels  (F igure  1 7 ) .  

plain this phenomenon. Apparently, compensation by the louvers  main-  

tains the electronic tempera tures  at the des i r ed  level  (F igu re  18).  

The variations in p e r  cent t ime in sunlight p e r  orbi t  have been 

calculated for the f i r s t  year  in the life of Pegasus-A and a r e  shown in 

F igure  19.  It can  be seen that the f i r s tposs ib l e  hot orbi t  occu r red  

30 
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TABLE IV 

I. 

SUMMARY O F  SEVERAL ON-THE-PAD RADIOMETRIC 
SURVEYS ON PEGASUS-A 

THE S-13 THERMAL CONTROL COATING (On the Service Module 
Adapter, Instrument Unit, and S-IV 

A. Measurements  of S-13 Coated Tabs  placed nea r  the Vehicle 
on-the -pad 

1. . 2 2 5  Qs 1. 25 

2. . 8 2 5  EN 5 . 8 8  

B. Measurements  Made on the Serv ice  Module Adapter,  Instru-  
ment Uni-t, and S-IV 

1. . 1 6 5  5 . 2 4  

2. , 8 1 5  E N S . 8 6  

3. . 1 6 5  QS 5 .  19 (measu remen t s  made  jus t  a f te r  vehicle 
was washed 7 days p r i o r  to launch) 

11. THE ALODINE THERMAL CONTROL (On the Detector Panels )  

A. Measurements  Made on Alodine (MTL-3)  Coated Tabs  placed 
near  Pegasus  on-the-pad 

1. . 5 1 5  Q 5 . 5 3  

2. . 5 3 5  EN I . 58 

3. Q s / E N 5  1 . 0  

B. Measurements  Made on the Detector Pane l s  

1. . 5 0 1  a s  5 . 56 

2. . 5 3 5  E N 5  . 6 5  

3. '@/E 5 1 . 0  

n 

Q Measurements  were  made  with a Por t ab le  G i e r  Dunkle 
Reflectometer 

Measurements  w e r e  made  with a Por t ab le  Lion Emi t tometer  

S 

32 
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about June 12 (116th day in  orbi t ) ,  when the p e r  cent t ime in sunlight 

reached 74. 870, compared to the init ial  64-6570. 

A detailed evaluation of the thermal  design is being performed.  

38 



APPENDIX I 

Ar t ic le  I 

1 
The Genera l  Space Thermal  P r o g r a m  

This p rogram includes subroutines for  obtaining geometr ic  and 

orbi ta l  pa rame te r s  necessa ry  t o  compute the many f l u x  t e r m s ,  and, 

simultaneously, solves a s e t  of llnl' ca lor imet r ic  equations of the gen- 

eral form: 

TiHi = A oiS t A CY; SB 
l i  2 

i- a ,  
where  

Ti = temp of node i 

d ' r i  
d t  

Ti = - 

Hi = 

Ci = conductance between nodes i and j 

R .  . = radiance between nodes i and j 

Qi = internal  heat of node i 

heat cap of node i 

1 J  

1 The genera l  computer p rogram was developed by Research  P ro jec t s  
Lab ( -T)  and Computation Laboratory (-P).  

39 



CY = so la r  absorptance of node i 

E ,  = IR emittance of node i 

S = insolation 

B = max 7'0 of S for  albedo 

E = max 7'0 of S for  e a r t h ' s  IR 

0 = Stefan-Boltzmann constant  

A = a r e a  function for  incident so l a r  energy 

1 

l i  

to node i 

A = a r e a  function fo r  incident albedo energy 
2 i  

to node i 

A = a r e a  function for  incident ea r th  IR to 
3 i  

node i 

Aqi = radiating a r e a  of node i 

Ar t ic le  I1 

A Computer  P r o g r a m  Describing the MMC Detector Pane l s  

The functions incorporated into the "Genera l  Space The rma l  

P r o g r a m "  fo r  study of the detector  panels  follow. 

A. A r e a  Functions 

1. Solar 

A,, = All 

A,, = 0 
A,, = 0 

A,, = 0 

A14 = Aq4 D C O S  (180-MAS) 

D c o s  (MAS) 

if MAS > 90" 

A14 = 0 if SUPP MAS > 90" 

40 



2. Albedo 

A = (Fylr ) cos  (RAS) 

A21 = O i f  RAS> 9 8  
21 

Y1 = 180"-RAM 

AZ2 = 0 

A23 = 0 
- 

A24 - A44 1 cos  (RAS) 

A24 = 0 i f  RAS> 90' 
y4 = RAM 

3. E a r t h ' s  IR 

A31 = F'yl, 

A32 = 0 

A33 = 0 
- 

A34 - A44 F-Y4r 
4. Stefan- Boltzmann radiation 

A = 1  

A = O  

A43 = 0 

A44 = 1 

41 

42 

5. Generated Heat Fluxes 

all (3i = o 
6 .  Conductances 

C12 = C,, = 4. 6 kcal /hrok 

CZ3 = c = 2 . 3  

c3, = c = 1 . 4  

32 

43 

7 .  Heat Capacit ies 

H I  = H, = . 3 6  

H, = H, = . 2 2  

41 



8. Orbi ta l  p a r a m e t e r s  (predicted) 

Rp = 6778 km 

i = 31.8' 

e = . 0 0 7 6  

Tx = 63 to 78 

a = o  

w = 90 

P s  = 9 0  

Article  I11 

A Computer P r o g r a m  Describing the MMC Electronic  Canis te r  

The rma l  Design 

Discussion 

Several  components of the micrometeoroid measu remen t  capsule 

have c r i t i ca l  t empera ture  l imi t s .  Hence, the p re sen t  p rogram was de-  

veloped to a id  in  the evaluation of the the rma l  design of the electronics  

can i s t e r  . 

Utilization i s  made  of "The Genera l  Space The rma l  P r o g r a m "  

(GSTP) which includes orbi ta l  subroutines and an integration routine 

for  a set of IIn" ca lor imet r ic  equations (Ar t ic le  I). 

A new subroutine was added to GSTP to allow the satel l i te  to 

tumble about Mo , a fixed vector  on the satel l i te .  Runs for  a l l  impor -  

tant thermal  c a s e  were  made. 

A 
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11. DESIGNATION O F  ISOTHERMS (NODES) AND EQUATIONS 

A .  Nodes and Orientation Vectors  

1. Vectors  (Gk) 

M* 

A dap t e r IU 

A 

M5 

A 

2. Nodes (i) 
4 

( a )  adapter  

i = 7  

i = 3  
i = 2  
i = l  
i = 8  
i = 7  

4 3  

~ 



c 

i = 32 r 

i = 31 
. 

i = 38 

i = 35 

1 =  

i 

i = 33 
i = 32 
i = 31 
i = 3 8  
i = 37 

i = 17 

11 

i =  13 
i =  12 
i =  11 
i = 18 
i = 17 

(c )  Cylindrical  Section of S-IV Stage 

i = 23 

i = 22 

i = 25 i = 21 

44 



5 

(e )  Canis ter  (outside layer)  
2 

M 

c 8  

i = 43 

i = 10 I 

i = 45 

A 

8 
M 

( f )  Rea r  of S-IV Stage 

i = 41 

47 

45 



(g)  S t ruc ture  

canis te r  L 7 T . l  i"=7<<-],01 adapter  
i = l 9  i =  1 - - -  --- 

i = 10 

i = 19 electronics  components 

i = 20 

i = 29 

i = 42 louvers  

bottom face of canis te r  (not louvers)  

top S-IV bulkhead 

bottom of S-IV bulkhead 

B. A r e a  Equations 

The following p a r a m e t e r s ,  used frequently in  the a r e a  equations, 

a r e  computer and s tored  each t ime s tep f rom init ial  input and /o r  p r e -  

vious t ime step. 

D - shadow - sunlight step function 

(MASL - angle between Mk and ear th  - sun vec tor  

(RAMh - angle between Mk and ea r th  - satel l i te  vector 

(RAS) - angle between ea r th  - sun vector  and ear th  - satel l i te  

A 

2 

vector  

Fyr - ear th  satell i te radiation geometry  factor  

1. 

a r e  s imi la r  i n  fo rm and have 

the i r  normal:  

Those nodes whose a r e a  functions 
2 

M, a s  

i = 11, 21, and 31 

A l i  = D A,i cos(MAS), 
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A l i  = 0 i f  above is neg 

I .  

A . = F  Aqi cos(RAS) 

A,i = 0 if above is  neg 

where  y =  180' - (RAM)1 

2 l  Y l r  

2. 

similar i n  form and have M, as the i r  normal:  

,Those nodes whose a r e a  functions are  
A 

i = 12, 22, and 32 

A1i = DA,i  C O S  (MAS), 

A l i  = 0 i f  above i s  neg. 

A,i  = Fy2, A4i  C O S  (RAS) 

A,i  = 0 i f  above is neg. 

where  y,= 180' - (RAM)2 

3. 

similar i n  form and have M, as  the i r  normal:  

Those nodes whose a r e a  functions a r e  
A 

i = 13, 23, and 33 

Al i  = D Aqi cos  (MAS), 

Ali  = 0 i f  above is neg. 

A,i = Fy3r Aqi cos  (RAS) 

A,, = 0 i f  above is neg. 

where  Y3= 180' - (RAM)3 
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A,i = F73r A4i 

A4i = input constant 

4. 

s imi l a r  i n  f o r m  and have M4 a s  the i r  normal:  

Those nodes whose a r e a  functions a r e  
A 

i = 14, 24, and 34 

Ali  = D Aqi cos  (MAS)4 

A l i  = 0 i f  above is neg. 

A z i =  F74r Aqi cos (RAS) 

A Z i =  0 i f  above is neg. 

where  y4= 180°- (RAM)4 

= input constant 

5. Those nodes whose a r e a  functions a r e  

s imi l a r  i n  f o r m  and have M, a s  the i r  normal:  
A 

i = 15, 25, and 35 

A I i  = D cos  (MAS), 

A l i  = 0 i f  above is neg. 

= FrSr C O S  (RAS) 

A 2 i  O i f  above i s  neg. 

where y 5 = 180' - (RAM)5 

A 
A 3 i  = F ~ s r  4 i  

A . = input constant 
4 1  



c 

6. 

s imi l a r  i n  f o r m  and have 

Those nodes whose a r e a  functions a r e  
A 

a s  the i r  normal:  

i = 16, 26, and 36 

A l i  = D A 41 . cos (MAS), 

A l i  = 0 i f  above is neg. 

A2i = Fybr A4i C O S  (RAS) 

A 2 i  = 0 i f  above is neg. 

where y= 6 180' - (RAM), 

A 3 i  = Fy6r A 4 i  

= input constant 

7.  Those nodes whose a r e a  functions a r e  
A 

s imi l a r  in f o r m  and have M7 a s  the i r  normal:  

i = 17, 27, and 37 

A l i  = D cos (MAS), 

A l i  = 0 i f  above i s  neg. 

= Fy7, A4i C O S  (RAS) 

= 0 i f  above is neg. 

where y,= 180° - (RAM), 

= input constant 

8 .  Those nodes whose a r e a  functions a r e  

s imi l a r  i n  f o r m  and have 
A 

Mo a s  the i r  normal:  

i = 18, 28, and 38 



A l i  = DhA4, c o s  (MAS), 

A l i  = 0 i f  above i s  neg. 

A Z i  = Fror cos  (RAS) 

A,, = 0 i f  above is neg. 

where 'Yo= 180' - (RAM), 

A q i  = input constant 
4 

9 .  Node #9 which has  M, a s  i t s  normal:  

A l i  = D Aqi cos  (MAS), 

A l i =  0 i f  above i s  neg. 

A z i  = FrBr Aqi cos  (RAS) 

Azi = 0 i f  above is neg. 

where 'Ys= 180' - (RAM), 

A4, = input constant 
A 

10. Node #20 which has  M, a s  i t s  normal:  

Note: 

account for  shadow effects of the adapter  

An imper ica l  method was  used to 

A,, = (7 )  Frgr A,, cos  (RAS) 

A 2 i  = O  i f  c ~ ~ ( ~ ~ ~ ) > ~ o  

A 2i = O  i f  Y, 230' 

. 



c 

. 

A4i = input constant 

a 

11. Node #46 which has  M,, as  i t s  normal:  

amlo=  180'- a m 8  

6 ml0= - a m ,  

Ali = D A4icos  (MAS),, 

Ali  = 0 if above is  neg. 

= F3,, cos (RAS) 

= 0 i f  above is  neg. 

where ylo= 180°-(RAM),, 

= input constant 

12. The adapter nodes, i = 1, 2,  - - -  Y 8,  

which have G,, G2, G3, G4, f&, I&,, G7, 
and M, as their  respect ive normals :  

A 

Note: bi and e i  a r e  empir ica l .  F o r  i = 8, 

the i = 0 .  - 

A l i  = a i  t bi 

A2i = c i  

A3i= di t e i  

A 4 i  = f i  + gi14 

where  

a i  = D f i  cos (MAS)i 

a i  = 0 
- 

i f  above is neg. 
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bi = 2 D f i  hi C O S  (MAS),cos (180'- MASi) 

bi = 0 if ei ther  cos  (MAS)8<0 

o r  cos (180'- MASi)<O - 

'i = (di  t di) cos  (RAS) 

ci = 0 i f  above is  neg. 

di '= Fy* f 
1 - 

ei = F (RAMi)r gi'(cos[180 - RAM,])2 

ei = 0 i f  above is  neg. 

f i  = input constant ( the actual a r e a  of one s ide)  

€inside 0 Eout side 
t imes  f i  g i  = input constant 

CY inside 
h i  = input constant 0 CY out s ide 

13. The canis te r  wall nodes, i = 41, 4 3 ,  45, 
A A A  

and 47, whose no rma l s  a r e  Ml,  M3, M,, and 

M,, respectively.  
A 

Ali  = D A4i cos  (MAS)k 

AIi = 0 

Ali = 0 

i f  above i s  neg. 

i f  (MAS),> 90' 

%i = FXr A4i cos  (RAS) 

A = 0 i f  above i s  neg. 

A 0 if (MAS) > g o 0  
2 i  

2 i  8 

where  Yk = 180'- (RAM)k 

. 



A = input constant (.  5 actual a r e a )  
4 i  

2 

Mk Note: Remember k i s  the subscr ipt  in 

14. The s t ructure  nodes,  i = 30,  39, and 40 

whose axis  is  q: 2 

. 

c 

= input constant 

111. ORBITAL AND THERMAL COEFFICIENTS 

The tempera ture  of the electronics canis te r ,  T,,, i s  a function 

of all the orbi ta l  and thermal  coefficients. F o r  many coefficients,  i t  is 

a v e r y  weak function. The purpose of this  p rogram i s :  (1)  to combine 

all the inputs for  

c ien ts  on T,, paramet r ica l ly ,  especially those coefficients which have 

l a r g e  probable e r r o r s .  

Tlg,  and ( 2 )  to evaluate the effect of ce r t a in  coeffi- 

The coefficients for  the f i r s t  run follow. 

A. Areas  (m2) 

1. Adapter nodes, i = 1,  2,  - - - ,  8 

g i  = (3 .59)  (1)  = 3.59 

hi = . 51.3  = 1.67 
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2. I U  nodes, i = 11, 12, - - -  , 18 

3. S-IV conical nodes, 

i =  31, 32, - - -  9 38 

n d l  (3 .  14) (4 .  75) (3 .  94) = 7. 35 A . Z - -  - 
8 8 4 1  

4. S-IV cylindrical  nodes, i = 21, 22,  ---,  28 

5. S-IV tai l  section node, i = 46 

A . = T r 2  = (3. 14) ( 2 .  79)2 = 24. 5 

6. S-IV bulkhead node, i = 20 

4 1  

n r 2  A4i = - -  - 1.2 
10 

. 

7. Top of canis te r  node, i = 9 

= 1 w = . 52 

8. End of canis ter  nodes, i = 41 and 45 

A .  = l w  = . 3 4  

9. Side of canis ter  nodes, i = 43 and 47 

4 1  

A4i = l w  = . 6 7  

10. Structural  nodes, i = 30, 39, and 40 

1 
A .E -  ( x )  (d)  (1) ( #  tubes) = . 9 4  

4 l  2 
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B. Heat Capacit ies (Joules/ 'K) 

1. Adapter nodes, i = 1, 2 ,  - - -  9 8  

= 120 kgm 
2100 lb 

8 
ME 

H = (120) (937 Joules/kgm°K) 

H = 1. 1 2 x 1 0  

2. IU nodes, i = 11, 12, ---, 18 

5 

= 142 kgm 2500 lb  
8 

M E  

5 H = 1. 33 x 10 

Note: Many weights will change slightly. 

3 .  S-IV conical nodes, i = 31, 32, - - -  , 38 

M E 1 1 5  kgm 

H = 1 .08  x 10 

4. S-IV cylindrical  nodes, i = 21, 22, ---, 28 

M 2 306 kgm 

H = 2.87 x 10 

5. S-IV bulkhead node, i = 20 

M 2 919 kgm 

5 

5 

H = 8.61  l o 5  

6. S-IV tail  section node, i = 46 

M ^  1840 kgm 

H = 1.72  x 10 
6 



7. S t ruc tura l  nodes, i = 30, 39, and 40 

H = 7 . 6  x l o 3  

8. Canis ter  nodes, i = 41, 43, 45, 47, 9 ,  10, and 19 

H,, [ = H43 = H4, = H,, = H, = H,,] 

H,, = 20 

Note: 

foil whose heat  capacity is  actually much lower 

than 20 Joules/°K. 

smal les t  value consis tent  with reasonable  t i m e  

s teps  with which the Runge-Kutta numer ica l  

int eg rat ion c onv e r g e s . 

The preceding nodes r ep resen t  a thin 

However,  H = 20 i s  the 

M,,%61.3 kg 

H , ~  = 57 .4  103 

1 .8  l b  M = - -  - . 8 2  kg 
4 2  2 . 2  

2 
H = 7 . 7 x 1 0  

C.  Conductances (wat ts /%) 

42 

1. Between adapter  nodes 

‘12’ ‘23’ ‘34, ‘459 ‘56, ‘67’ ‘78’ ‘18 

kA ‘ = -  
1 

t 
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A = L t  

C = 1.27 

2. Between adapter  

C C 
1 ( 1 1 ) :  2 (12) ’  3 ( 1 3 ) ’  

C 

and I U  nodes 

C 
6 ( 1 6 ) ’  

Ca = k A a / l a  = 1. 10 

c b  = k A b / l b  = .554 

C = . 369 

3. Between IU nodes 

7 ( 1 7 ) ’  
C and C 

8 ( 1 8 )  

C l l ( 1 2 ) ’  C 12(13)’  C 13(14)’  C 14(15)’  C 15(16) ’  C 16(17) ’  C 17(18)’  C 11(18)  

C = k A / L  

t 

A = L t  

C = . 160 
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4. 

C C C C C C 

Between IU and S-IV conical nodes 

l l ( 3 1 ) ’  12(32)’  13(33)’ 14(34)’  ?5(35)’ ?6(36)’ 1 7 ( 3 7 ) ’  1 8 ( 3 8 )  

C, = kA,/la 

c b  = kAb/ lb  

C = . 146 

5. Between S-IV conical nodes 

C = kA/1  

c = .443 

6 .  

C C C C C C C C 

Between S-IV conical and S-IV cyl indrical  nodes 

2 1 ( 3 1 ) ’  2 2 ( 3 2 ) ’  2 3 ( 3 3 ) ’  2 4 ( 3 4 ) ’  2 5 ( 3 5 ) ’  2 6 ( 3 6 ) ’  2 7 ( 3 7 )  2 8 ( 3 8 )  



C = . 0 9 9  

7. Between S-IV cylindrical  nodes 

and C 
21 (28) 

C C C C C C 
21 (22): 2 2 ( 2 3 ) ’  2 3 ( 2 4 ) ’  24(25) )  2 5 ( 2 6 ) )  2 6 ( 2 7 ) ’  2 7 ( 2 8 ) )  

C 

C = 3 . 0 5  

8.  Between S-IV cylindrical and S-IV ta i l  section nodes 

C C C C C C C 
2 1 ( 4 6 ) ’  2 2 ( 4 6 ) ’  2 3 ( 4 6 ) ’  24(46)’ 25(46) ’  26(46) ’  27(46) ’  2 8 ( 4 6 )  

C 
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Note: es t imat ion 

C = - - . l  

9 .  Between canister nodes 4 3  9 

47 

4 

41 

19 on inside a s sumed  i so thermal  for  this  p r o g r a m  

(a) ‘9(19) 

c = kA/1 

C = . 0 8  

(b) ‘10 (19 ) . .  

C = kA/1 

Note: area of louvers  was  inc reased  until A = 0 
10 

c = o  

(‘) ‘19(41), ‘19(45) 

C = kA/1 

C = . 0 4  

10. Between S-IV bulkhead nodes 



11. Between s t ruc tura l  nodes 

(a)  ‘30(39)’ ‘39(40) 

C = kA/1 = 2 . 4  

c = 5  

(1)  panel 

( 2 )  t he rma l  washer 

( 3 )  nut and bolt 

(4)  clip ( f iberglass)  

(5)  r ivet  

(6)  thermal  washer 

( 7 )  support 
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1 1 1 1 1 t - t - t -  - = -  c C , t  c, c, C,t c, c, 

C, = conductance thru the rma l  washer  

C, = conductance thru  bolt 

C, = conductance thru clip 

C, = conductance thru  r ivet  

C, = conductance thru  the rma l  washer  

C, = conductance thru  s t ruc tu re  (node 30) 

Note: there  a r e  eight c l ips  

c =  . 2  

D. Radiances (watts/'K4) 

1. Involving canis te r  ( a l l  equal R i j ' s  a r e  grouped).  A l s o ,  the 

R i ( 1 9 ) ' ~ .  Ex- louvers  control the canis te r  t empera tu re  by controlling 

t r e m e  values a r e  p re sen ted . a s  the hot and cold c a s e s  in (i) and ( j ) .  

8, = . 3 5  r a d  

8, = . 4 7  r ad  

8,  = . 70 r a d  

G = % energy in  the solid angle 

I 6 2  



eo = o to el Go ,  = . 12 

e, to e2 G 12 = . 09 

G Z 3  = . 2 1  

G3, = . 5 9  

(a) Rl(lO)’ R2(10)’  R3(10)’ R 4 ( 1 0 ) y  R5(10)’  R6(10)’  R 7 ( 1 0 ) y  R 8(10)  

R =  G34AEo - 0 1 7  
8 

(b) RIO(ll)’ R10(12)’ R10(13)’  R I O (  14))  R10(15)’ RIO(lb)’ R I O (  1 7 ) 6 d l d  

G z 3  A E ~  

8 
R =  = . 0 0 6 0  

(‘) RIO (31 )’ R10(32)’ R10(33)’ R10(34)’ R10(35)’ %0(36) ’  R10(37Y R 1438) 

G12 AEo 

8 
R =  = . 0 0 2 5  

( d, Rlo (20 ) 

R = G o1 A E ~  = . 0 2 7  

( e )  R1(41)’ R5(45) 

R - .  2 AEo = . 038  

( f )  R2(41)’  R4(45)’ R6( 45) ’  R8(41) 

R - .  15 A E o  = . 0 2 8  

(g) R3(43)’ R7(47) 

6 3  



R w . 2 A E o  = . 0 7 6  

R 
(h) R 2 ( 4 3 ) ,  R 4 ( 4 3 ) ’  R 6 ( 4 7 ) y  8 ( 4 7 )  

R w .  15 A €  (J = . 0 5 7  

(i) Hot Case  ( louvers  fully open) 

1 R 1 ( 1 9 ) ’  R2(  19)’ R 3 ( 1 9 ) y  R4(19)’  

R 
R 5 ( 1 9 ) y  R 6 ( 1 9 ) ’  R 7 ( 1 9 ) y  8 ( 1 9 )  

= .084  G AEo 
8 

R =  

2 R 1 1 ( 1 9 ) ’  R12(19)’  R13(19)’  R14(19)  

R 1 5 ( 1 9 ) ’  R 1 6 ( 1 9 ) ’  R 1 7 ( 1 9 ) ’  R 1 8 ( 1 9 )  

A €  (J 
R z G 2 3  = .030 

8 

R R R ’ R 3 1 ( 1 9 ) ’  3 2 ( 1 9 ) ’  3 3 ( 1 9 ) ’  3 4 ( 1 9 )  

R 3 5 ( 1 9 ) y  R 3 6 ( 1 9 ) y  R 3 7 ( 1 9 ) 1  R 3 8 ( 1 9 )  

= , 013  G I 2  A E ~  

8 
R =  

4 R  - 1 9 ( 2 0 )  

R = G o l  A E O  = . 014  

3 Ri(42) = 0 all i 

( j )  Cold Case  ( louvers  fully closed) 

1 R19( i )  = 0 i = 1 thru  8,  11 thru  18, 

31 thru  38, 20 



R = . 019  

2 R11(42)y  R12(42)’ R13(42)’ R14(42) 

R = . 0 0 2 9  

2 R20 (42) 

R = , 0 0 4  

6 R19(42) 

R = .264 

2 .  R i y  not involving canis ter  directly;  most of these a r e  der ived 

by approximations.  

( a )  R129  R 1 3 ’  R 1 4 ’  ‘15’ R 1 6 9  R 1 7 ’  R18’ RZ3’  

R24’ R25’ R2b’ R27’ R28’ R34’ R35’ R36’ 

R37’ R 3 8 y  R45’ ‘46’ R47’ R48’ R56’ R57’ 

R58’ R67’ R68’ %8 * 
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R w . 0 8  A E ~  = 1.4 

(b)  R1(14)’  R1(16)’  R2(15)’  R2( 17)’  R3(  16)’ 

R3(18)’  R4(17)’  R4(11)’  R5(12)’  R5(18) ’  

R6(  11)’ R6( 13)’  R7(  12)’ R7(  14)’ 13)’ 15) 

R w ( . O 1 )  A E o =  . 2  

(‘) R1(15)’ R2(16)’  R3(  7)’ R4( 8) ’  

% (11 )’ R6( 12)’ R7(  13)’ 14) 

R - ( . 0 2 )  A E ~  = . 4  

(d) R1(20)’  R2(20)’  R3(20)’  R 4(20)  

R 
5( 20) ’ 6( 20) ’ 7( 20) ’ 8( 2 0 )  

R -(.  14) A E o  = 2 . 5  

R 
(12)’  R1l( 13)’ 11 (14)’  R1l (15y  R l l  (16) ’  

(17) ’  R11(18)’ R12(13)’ R12(14)’  R12(15Y 

R12( 16)’ R12(17)’  R12(18)’ R13(14)’  R13(15)’  

R R 
13(16)’  13(17)’  13(18)’  R14(15)’  R15(16)’  

R 

R15(17)’  R15(18)’  R16(17)’  R16(18) ’  R17(18)  

R - ( . 7 )  A E o  = . 7  

, 

66 



(f) R1l (34)’ ‘11 (36)’ R12(35)’ R12(37)’ 

R R 
R13(36)’ ‘13(38)’ 14(37)’ 14(31)’  

R R 
R15(38)7  15(32)’  16(31)’ R16(33)’ 

R17 (32) ’  R17 (34)’ R18 (33)’ R18 (35)  

R- ( .  01) A €  = . 12 

R 
(g )  R11(35)’ R12(36)’ R13(37)’ 14 (38) ’  

R15(31)’ R16(32)’ R17(33)’ R18(34) 

R-  (. 03) AE 0 = . 3 5  

(h) R11(20)’ R12(20)’ R13(20)’ R14(20)’ 

R15 (20 \ ’  R16 (20 )’ R17 (20 ) ’  R18 (20 ) 

R- (. 2 5 )  A E  o = 2 . 9  

R20 (35 ) ’  R20 (36 )’ R20 (37 )’ R20 (38 ) 

R - ( . 7 )  A E o  = 25 

. ( J )  R21 (22)’ R21 (23)’ %1(24)’  %1(25)’  %1(26)’ 

%l (27)’ 3 1  (28)’ %2(23)’  %2(24)’  %2(25)’  5 2  (26) ’  

R 
R22(27)’ R22(28)’ R23(24)’ R23(25)’ R23(26)’ 23(27)’  

R R R R 
R23(28)’ R24(25)’ 24(26)’  24(27)’  24(28)’  25(26)) 

R25( 27)’ R25(28)’ %6(27)’ R26(28)’ R27(28) 

67 



R - ( .  1) A E o  = 10 

(k) R21 (29 ) ’ R22 (29 ) ’ R23(  2 9 )  ’ R24(  29 )  ’ R25(  2 9 )  ’ 

R 
26 (29 )’ R27 ( 2 9 ) ’  R 2 8 ( 2 9 ) y  R 2 1 ( 4 6 ) ’  R22 ( 4 6 ) ’  

R 2 3 ( 4 6 ) y  % 4 ( 4 6 ) ’  % 5 ( 4 6 ) ’  R 2 6 ( 4 6 ) ’  R27(46) ’  % 8 ( 4 6 )  

R- ( .  15) A E O =  15 

(’) R31(  32)’ R 3 1 ( 3 3 ) ’  R 3 1 ( 3 4 ) ’  R 3 1 ( 3 5 ) ’  R 3 1 ( 3 6 ) ’  

R31 ( 3 7 ) ’  R31 ( 3 8 ) ’  R 3 2 ( 3 3 ) y  R32(  3 4 ) ’  R 3 2 ( 3 5 ) ’  R32(  3 6 ) ’  

3 2 ( 3 7 ) ’  R 3 2 ( 3 8 ) y  R 3 3 ( 3 4 ) 9  R 3 3 ( 3 5 ) ’  R 3 3 ( 3 6 ) y  R 3 3 ( 3 7 ) 2  
R 

R 3 3 ( 3 8 ) ’  R 3 4 ( 3 5 ) ’  R 3 4 ( 3 6 ) ’  R34 (37 ) ’  5 4  (38 ) ’  R 3 5 ( 3 6 ) y  

R R R R 
3 5 ( 3 7 ) ’  35 (38) ’  36 (37) ’  3 6 ( 3 8 ) ’  3 7 ( 3 8 )  

R 

R ~ ( . 0 2 )  A E D  = . 7  

E. Absorptances and Emit tances  

1. Surfaces with S-13 

i = l ,  2 ,  3, 4, 5, 6, 7, 8,  11, 12, - - -  , 18, 

21, 22, ---,  28, 31, 32, - - -  , 38. 

cold case hot case 

CYi = . 1 8  ai = . 2 7  

= . 9  E i  = . 9  ‘i 

2. Aluminum Surface s 

i = 9,  10, 30, 39, 40, 41, 43, 45 

ai = . 2  

E i = . l  
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3 .  Zinc Chromate  Surfaces 

i = 20 

CYi = . 5  

= . 8  
'i 

4. Mixed Surfaces  

i = 46 

E, = . 5  

F. Other Input Data (orbi ta l  p a r a m e t e r s ,  computer  keys,  etc. ) 

n = 47 

e = .054  o ther  T init ial  = 250 

i = 32' 

R o =  6378 

Rp = 6878 10 rev 

T19 init ial  = 300 

4 5 1  Q 4 6 2  

P C O E F F  = 9.968 x 
19 

(5 = 5.67 r. = 45 

S = 1400 Q = 270 

B = . 4 4  
1 

PI = 0 

E = . 174 r2= o 

52 = o  P2 = 0 

T, = 85 Q2= 270 

w = 90 r = -45 3 

= 90 Q3 = 270 

6mo = 0 

us = 0 r = -90 

6, = 0 

P3 = 0 

Q4 = 0 
4 

P = o  
4 



r = -45 
5 

Q5= 90 

P = O  
5 

6 
r = o  

P6 = 0 

r7 = 45 

XU6= 90 

Q 7 =  90 

P = O  
7 

r8 = 0 

Q8 = 0 

P = O  
8 
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